CHAPTER 7

POPULATIONS:  CHARACTERISTICS AND ISSUES
CLO 6.  The student will be able to outline the characteristics used to predict population growth; to describe fundamental concepts of population ecology; to assess the impacts of human population growth on the planet; and to enumerate various means to stabilize population growth.


The student will be able to…

· SLO 6.1 … to list and define the characteristics of populations that help predict population structures and growth rate, namely: population size, population density, population distribution, sex ratio, age structure, birth and death rate, migration, and biotic potential.
· SLO 6.2 … to draw a logistic growth curve, identify the major phases, and describe how limiting factors determine the carrying capacity for a population.
· SLO 6.3 … to assess the scope of human population growth by drawing a graph of the history of human population growth; by discussing the concept of doubling time and using it as a tool to demonstrate the long-term effect of a growth rate; and by listing the ecological consequences of continued population growth.
· SLO 6.4 … to describe various strategies that can be used to curve down population growth. 

1. POPULATION CHARACTERISTICS
· Population – A group of individuals of the same species inhabiting an area.

· Populations may vary in many ways:

· Natality – The number of individuals added to the population through reproduction 

· Most organisms produce many more offspring than are needed to replace the parents.

· Usually described in terms of the “birthrate” or the number of individuals born per 1000
· Mortality – The number of deaths in a population over a particular time period 

· For most organisms, mortality rates are very high

· Is discussed in terms of “death rate” or the number that die per 1000
· Sex ratio – Comparison between the number of males and females in a population.

· Total number of females eventually determines the number of offspring potential

· The males are also needed to fertilize the females

· Age Distribution (population profiles) – The comparative percentages of different age groups within a population.

· Greatly influences the reproductive rate of a population (in comparison to the pre-reproductive and post-reproductive age classes) (Fig. 7.4, p.145)
· Population density and Spatial Distribution

· Population density – A measure of how close organisms are to one another, generally expressed as the number of organisms per unit area. (Ex: no of individuals per km2 )
· When the population density is too great, all individuals within the population are injured because they compete with each other for necessary resources (for plants ---water, soil nutrients, sunlight; for animals --- food, space, nesting area…)

· Dispersal – Migration of organisms from a concentrated population into areas with lower population densities.

· It releases the overcrowded area, and increases the population in the places to which they migrate.

· Emigration (out-migration) – Movement out of an area that was once one’s place of residence.

· Dispersal factor --- 2nd major factor that reduces population size

· Immigration (in-migration)– Movement into an area where one has not previously resided.

· Four variables – birth, deaths, immigration, and emigration – govern changes in population size.

Population change  =  (Births  +   Immigration)  -  (Deaths  +  emigration)
2. A POPULATION GROWTH CURVE
· Each species has a biotic potential – the inherent reproductive capacity
· biological ability to produce offspring greatly exceeds the number necessary to replace those who die (above replacement level)

· Population growth often follows a particular pattern (Fig. 7.6, p.147)
· (1) Lag phase – The initial stage of population growth during which growth occurs very slowly
· (2) Exponential growth phase – the period during population growth when the population increases at an ever-increasing rate (exponentially) – If the population does not level off – it will form a J-Curve (logistic curve) (but eventually the population will “overshoot” and this will lead to a population crash or mass dieback. 
· (3) Stable equilibrium phase – The phase in a population growth curve in which the death rate and birthrate become equal – it results in a “sigmoid curve” (S-shaped)
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(Fig. 7.6, p.147)
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(Fig. 7.8, p.149)


· Regardless of their reproductive strategy, no population of a species can grow indefinitely because of limitations on resources and competition with populations of other species for those resources. 
3.
FACORS THAT LIMIT POPULATION SIZE -- CARRYING CAPACITY
· Carrying capacity – The optimum number of individuals of a species that can be supported in an area over an extended period of time (depends on the resources available in their habitat)

· When a population exceeds its carrying capacity it can crash.
· Limiting factors –The one primary condition of the environment that determines population size of an organism.

· The presence or absence of certain physical and chemical factors (limiting factors) can help determine the number of organisms in a population. (Fig. 7.8, p.149)
· All of the different limiting factors that act on a population are collectively known as environmental resistance
Extrinsic Limiting Factors --- Density-Independent Limiting Factors
· Extrinsic limiting factors – factors that control population that come from outside  the population (Ex: water supply; loss of a food source, lack of sunlight, or accidents of nature…)

· Density-independent limiting Factors – Those limiting factors (physical and chemical factors) that are not affected by population size. 

· Examples: Usually accidental or occasional extrinsic factors in nature – sudden storms; frosts in the spring can kill seedlings; winter season kills large portions of the insect populations – which rebuild once spring returns.

· Availability of Raw Materials   (Extrinsic)
· Ex: Amount of nutrients available for plant growth

· Ex: Amount of water available to organisms in a forest limits the number of plants and animals living there

· Ex: The amount of oxygen supply in the water will limit which type of species can survive in such environment

· Availability of Energy  (Extrinsic)
· Ex: Amount of sunlight for plant growth (too much shade can limit growth and survival); amount of food supply for all consumers…

· Accumulation of Waste Products  (Extrinsic)
· Ex: bacteria in a Petri dish –the toxic waste that accumulates in the closed in environment (Petri dish) – will eventually kill the bacteria (leads to the “death phase” in bacteria…)

Intrinsic Limiting Factors --- Density-Dependent Limiting Factors:

· Intrinsic limiting factors – factors from within (biological) the populations themselves (Ex: crowding creates stress and creates abnormal social behavior or organisms become less resistant to parasites and diseases)   (Fig. 7.8, p.149)
· Density-dependent limiting Factors – Those limiting factors that become more severe as the size of the population increases.
· Interactions Among Organisms  (Intrinsic)
· Ex: higher population levels of a given species permits more available individuals for the predator species – creates a predator-prey cycle; with overcrowding – some populations are more susceptible to diseases – witch in turn, tends to control the population; overcrowding also can create stress and lead to social behavior change – case of rats.)
· Ex: Parasites can cause death of their hosts; 

· Ex: buffalos, cows, goats feeding on grass – controls grass growth and controls succession…

· Ex: the interactions among organisms (competition…)

3.2
Humans are not exempt from Nature’s Population Controls
· Example 1:  Ireland experienced a major crash after a fungus destroyed its potato crop in 1845. About 1 million people died from hunger and diseases related to malnutrition, and 3 million people migrated to other countries.

· Example 2:  During the XIVe century, the bubonic plague spread through densely populated European cities and killed at least 25 million people.
· Example 3:  The AIDS virus is taking a major toll on the world population (over 40 million have died from this disease)
· Example 4:  Technological (hygiene, agricultural yields, medicine…), social, and other cultural changes have expanded the earth’s carrying capacity for the human species. But how long can we expand our ecological footprint. Likely, sooner or later, we will reach the limits that nature always imposes on all populations.

5.
HUMAN POPULATION GROWTH
· The human population growth curve has a long “lag phase” followed by a sharply rising “exponential growth phase” that is still rapidly increasing. (Fig. 7.11, p.153)
Looks like a giant J curve: 

· Long “lag phase” --- growth was slow for millennia because of food shortage, disease (and epidemics – cholera, black/bubonic plague…), war, and primitive technologies 

· Followed by a sharply rising “exponential growth phase’. Three major factors account for this population increase:

· (1) Humans developed the ability to expand into almost all of the planet’s climate zones and habitats

· (2) Breakthroughs in technology (early modern agricultural and industrial revolution)---allowed us to grow more food for each unit of land area farmed
· (3) Death rates dropped sharply because of better nutrition, better sanitation, and better health care (better medicine; the development of antibiotics and vaccines to help control infectious diseases); this is coupled with a net rise in the fertility rate (less children dying because of diseases and other infections).
· In other words, most of the increase in the world’s population during the last 100 years took place because of a sharp drop in death rates – not a sharp rise in birth rates.
· This trend continues today throughout most of the planet

· During the 20th century (1900-2000) the population tripled (went from 2 billion to 6 billion)
· The United Nations (UN) suggests that our numbers may reach 9.6 billion by the middle of the 21st century – a 50% increase in 50 years.

Doubling time of human population  (the time it takes for the population to double in size):
· Rule of the thumb --- 70 divided by annual percentage growth –Ex: 35% -- 70/35=2yrs; for 0.1% -- 70/0.1%=700yrs (Fig. 7.12, p.153) 
· World “annual rate of increase is 1.2% --- doubling time will be 58 years
· Applied to FSM with a “population growth rate” of 1.9% (SPC 2000) (  70/1.9 = 37 years
· It took tens of thousands of years to reach 1 billion, afterwards the population exploded:

· 1830 --- 1 billion
· 1930 --- 2 billion 
(took 130 years to double the population)

· 1960 --- 3 billion

· 1975 --- 4 billion
(took 45 years to double it from 2 billion)

· 1987 --- 5 billion
(took 12 years to add 1 billion – pass from 4 to 5 billion)
· 1999 --- 6 billion

· 2012 --- 7 billion

· 2025 --- 8 billion
(time the population would double again from 4 billion)

· Doubling time is shorter and shorter  --- The human species has been adding more and more individuals at a faster and faster pace

· Currently (March 2014), 7.2 billion people inhabit the face of the Earth. (was 6.0 billion in 2000) – refer to  (http://www.census.gov/main/www/popclock.html )
· Currently (March 2014), approximately 77  million people are added per year (211,000 per day or 2 more people every time your heart beats)  http://www.intmath.com/exponential-logarithmic-functions/world-population-live.php  
Present most populated countries in the world:

· China

1.3 billion 

· India

1.2 billion

· USA

318 million

· Indonesia
253 million

· Brazil

202 million

· Pakistan

…

6.
HUMAN POPULATION CHARACTERISTICS AND IMPLICATIONS
· Human populations grow or decline in particular countries, cities, and other areas through the interplay of three factors: births (fertility), depths (mortality) and migration.

Population change  =  (Births  +   Immigration)  -  (Deaths  +  emigration)
· There are tremendous disparities among nations: people in wealthy countries (more developed economies) and those from the less developed (developing) nations offer radically different economics and demographic conditions.
6.1
Economic Development (Rich Nations, Poor Nations)
· The United Nations (UN) classifies the world’s countries as economically more developed or economically less developed, based primarily on their average income per person (state of economic development) and demographic conditions. We can add to this classification,  the “countries with newly emerging economies”

· Economically More Developed countries (MDC) 
· The richer (High income), highly developed, industrialized countries of the world;  (United States, Canada, all of Western Europe, Japan, Australia, New Zealand, Scandinavia, Singapore, Taiwan,  Israel, and several Arab states)
· Have high incomes ---- Per capita income exceeds $10,000 (average $28,550)
· Industrial nations with a strong economic base (high standard of living)

· Low fertility rates and very low population growth rate (about 0.1% per year) [stable population]
· Stable population – expected to grow 3% by 2050

· Represent 18% of the world’s population (~ 1.2 billion people)
· Control about 80% of the world’s wealth

· Consume about 88% of the world’s natural resources

· Consume about 73% of the world’s energy

· Produce about 75% of the world’s pollution and waste
· Economically Moderately and Less developed countries (LDC) – 
· Represents the less-rich and less industrialized countries of the world (mainly the countries of Latin America –Mexico, Central & South America; northern and southern Africa, China, Indonesia and other southeastern Asian countries, many Arab states, Eastern Europe, and countries of the former U.S.S.R.)

· Some of them have middle income and are considered to be moderately-developed countries (China, India, Brazil, Thailand, Mexico) --- they are now called the “nations with emerging economies”

· Some have low incomes and considered the least-developed counties (Such as Congo, Haiti, Nigeria, Nicaragua…) [used to be called the “Third World countries”]
· Typically have a per capita income less than $5,000

· Combined population of 5.5 billion

· Nearly 3 billion live on less than $2 per day

· High fertility rate and high population growth rates (1.5% per year)
· Control only about 3.0% of the world’s wealth

· High fertility rates and high population growth rates (1.5% per year)

· Expected to grow 47% by 2050 (8 billion people, or 86% of the world’s population).
· More than 98% of the world population growth is occurring in the Moderately and Less Developed Countries
· Least equipped to deal with increasing numbers of people and environmental problems
· These figures reflect the wide economic gaps that exist between economically advanced countries and those that are less developed.

6.2 Measuring the Environmental Impact of a Population
· Human overpopulation is one of the central issues in environmental science.

· Famine in areas where food production cannot keep pace with increasing numbers of people;

· Political unrest in areas with great disparities in the availability of resources (jobs, goods, food);

· Environmental degradation 

· Soils are being degraded (erosion, desertification) by poor agricultural practices;

· Forests and fisheries continue to decline

· Natural resources (renewable and non-renewable) are being overexploited (resource depletion)

· Waste products of our economy are polluting the air, the land (strip mining; oil spills…), and the water (industrial wastes), with grim consequences for the natural world as well as for human well being

· Tremendous loss of biodiversity (via habitat destruction) 

· In summary, high population levels increase both major types of environmental problems:

1. resource use (depletion)

2. pollution and waste

· There is broad consensus that the only way to eliminate severe poverty and undergo the transition to a sustainable society is to halt population growth. (A continually growing population is unsustainable.)
· While controlling world population growth would not eliminate all environmental problems, it could reduce the rate at which environmental degradation is occurring (both resource use/depletion and pollution and waste production).

· We do not know how long we can continue increasing the earth’s carrying capacity for humans without seriously degrading the life-support system that keeps us and many other species alive in order to meet our basic needs for air, water, food, land, shelter, and energy. As well as our needs for a number of other natural resources that we use to produce an incredible variety of manufactured goods.
Impact of human pressure on the environment:
I   =   P  *  A  *  T

· I  --- Impact of human pressure on the environment

· P --- population size

· A --- affluence (consumption patterns – affluent lifestyle) --- reflects the Demand vs. Needs

· T --- level of technology of the society

· The Ecological footprint is another means of comparing the impact a person has on its environment:

· Ecological footprint –The area of the Earth’s productive land and water required to supply the resources that an individual demands as well as to absorb the wastes that the individual produces.

7. FACTORS THAT INFLUENCE POPULATION GROWTH AND SOME STATEGIES TO STABILIZE THE HUMAN POPULATION

· We must find acceptable means of slowing the growth of the human population
· Demography - Is the study of human populations, their characteristics (the size, growth, density, distribution…), and their changes.

· A recall: Population growth rates are determined by biological factors such as birthrate (natality), death rate (mortality), sex-ratio, age distribution, life span and life expectancy (worldwide, the average life expectancy has risen from about 40 to 65.5 years over the past century), population density and spatial distribution (dispersal—immigration and emigration)

· Currently, in almost all countries of the world, the birthrate exceeds the death rate. Therefore, the size of the population increases.

· Zero population growth (ZPG)– the stabilized growth stage of human population during which births equal deaths and equilibrium is reached.

· In the long, if the Total Fertility Rate (TFR) (total of children each woman will have during her reproductive years) is 2.1, population growth will stabilize.  [Parents produce 2 children who will replace the parents when they die.  --- It is slightly more than 2 children per couple because some people are infertile, have children who do not survive, or choose not to have children]
7.1
Factors that Affect Birth Rates and Fertility Rates:

I- FACTORS AFFECTING BIRTH RATES:

(a) Importance of children as a part of the labor force:

· In less-developed countries, the economic benefits of children are extremely important – they contribute to the family economy (they are a “work force” – cheap labor – Ex: hauling daily drinking water; gathering wood for heating and cooking; tending crops and livestock…
(b) Cost of raising and educating children:

· In more-developed countries --- women usually have access to jobs; couples marry later, and they make decisions about the number of children they will have based on the economic cost of raising and educating children
· By contrast, many children in poor countries receive little education and instead have to work to help their families survive.
(c )
Availability of, or lack of, private and public pension systems:

· Commonly seen  in “less-developed countries”  that children are an investment as future caregivers for the parents

· While in the more-developed countries,  the availability of private and public pension systems  reduce a couple’s need to have several children to help support them in old age.

(d) Urbanization:

· People living in urban areas usually have better access to family planning services and tend to have fewer children than those living in rural areas (especially in the less-developed countries).

(e )
Education and employment opportunities available for women:

· Total fertility rates tend to be lower when women have access to education and paid employment outside the home.

(f)
Average age of marriage (or more precisely, the average age at which a woman has her first child):

· Women normally have fewer children when their average age at marriage is 25 or older.
· Often linked to education and economic independence of a woman (have a job); also related to “family planning”. (Better educated women tend to have children at a later age; women with jobs tend equally to have children at a later age)
(g)
Availability of legal abortions:

· Induced abortion – the intentional interruption of pregnancy through surgical means or drug treatment. 
· The availability of “legal abortions” favors to control birth rates.
· UN estimates an average of  190 million women get pregnant each year; there are at least 40 million who get abortions – but 20 million of them are done illegally and often done in unsafe conditions (risking the mother’s life)
(h)
Availability of reliable birth control methods:

· Allows women to control the number and spacing of the children they have (family planning).
· Contraceptives – any chemicals, devices, or methods that prevent sperm and egg from uniting (condoms, spermicides, diaphragms, cervical cap, vaginal sponge; the pill; sterilization; tubal ligation; vasectomy in males…). 
(i)
Infant mortality rate affect birth fertility rate:

· In areas with low infant mortality rates, women tend to have fewer children because fewer children die at an early age.
(j)
Overcoming Barriers --- Religious beliefs, traditions, and cultural norms:

· In numerous societies, the status for either or both parents is often linked to the number of children she/he has – often childbearing enhances a woman’s social status; for men, often having numerous children reflects his “manhood”. 

· Children are an “asset” to their parents
· Many religion condemn and contraceptive measures and abortions. 

II- FACTORS AFFECTING DEATH RATES:

· Both life expectancy (the average age number of years a newborn infant can be expected to live) and the infant mortality rate (the number of babies out of every 1,000 born who die before their first birthday) have increased considerably within the last 50 years.
· This is contributing to the rapid population growth.

· Between 1955 and 2011, the global life expectancy increased from 48 years to 70 years.

(a) Populations can decline due to a rising death rate
Case of the  AIDS (Acquired Immune Deficiency Syndrome) tragedy 

· Currently, the world is experiencing a global epidemic of AIDS, caused by infection with the human immunodeficiency virus (HIV). Between 1981 and 2010, AIDS killed more than 27 million people and continues to claim another 1.8 million lives each year (an average of 3 deaths per minute).

III- MIGRATION (Affects and area’s population size):
· Migration is the movement of people into (immigration) and out of (emigration) specific geographic areas.

· Most people migrate from one area or country to another to seek jobs and economic improvement. Some also migrate because of religious persecution, ethnic conflicts, political oppression, wars, and certain types of environmental degradation and depletion, such as soil erosion and water and food shortages. Those in the last categories can be considered environmental refugees.

Climate Disruption and Environmental Refugees – Environmental scientist Norman Myers warns that, as the world experiences the climate disruption in this century as projected by key climate scientists, conditions that create environmental crisis such as droughts and flooding will worsen. With more such crises, the number of environmental refugees could soar to as many as 250 million before the end of this century. 

(Reference: Tyler Miller G. and S.E. Spoolman. 2013. Environmental Science. 14th ed. Brooks/Cole. P.100)

7.2
Strategies to Stabilize the Human Population (How can we slow human population growth?)
· There are three effective ways to slow population growth:

· (1) To reduce poverty, primarily through economic development and universal primary education  (section 7.2.1)
· (2) to elevate the status of women – empowering women  (section 7.2.2)
· (3) to encourage family planning and reproductive health care   (section 7.2.3)
7.2.1
Promote Economic Development
· The Demographic Transition Concept (promote economic development)—is a means to reduce poverty
· Demographic Transition – The hypothesis that economies proceed through a series of stages (preindustrial; transitional; industrial; &postindustrial), beginning with growing populations’ high birth and death rates and low economic development and ending with stable populations with low birth and death rates and high economic development. (Fig. 7.19, p.163)

· Essentially, the concept or theory that as a nation become industrialized and economically developed, their populations tend to grow more slowly.
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[Reference: Fig. 6-11, p. 105 (Tyler-Miller & Spoolman, 2013)]
7.2.2
Empower Women
· Improving the status of women by educating them and offering them jobs is said to be the single most important activity needed to reduce the world population.

· Better educated women marry later (delay marriage), have fewer children, become financially independent (not dependent on their husband or children in old age); they are also more likely to have access to and use birth control

· There is a positive correlation between women’s educational levels and decreased fertility rates. (Fig. 7.16, p. 158)

7.2.3
Promote Family Planning and favor Reproductive Health
· Family Planning – Process by which couples determine the number and spacing of children
· Various means of “birth control ” (the artificial control, or prevention of unwanted births)
· Make sure that there are easy and cheap access to contraceptives and if needed, abortions.
· Need to find ways to “share knowledge” and offer the technical know-how and the financial assistance to improve the family conditions.
3 broad categories of controlling births:
· (1)  Abstinence – refraining from intercourse
· (2)  Contraceptives – any chemicals, devices, or methods that prevent sperm and egg from uniting (condoms, spermicides, diaphragms, cervical cap, vaginal sponge; the pill; sterilization; tubal ligation; vasectomy in males…). 
· (3)  Induced abortion – the intentional interruption of pregnancy through surgical means or drug treatment. 

· The worldwide contraceptive use has increased sharply in recent years: In 1999, about 50% of world’s married couples used some family planning techniques. 

· Reproductive health --- Prenatal care; safe childbirth and postnatal care; information and services pertaining to contraception; prevention and treatment of sexually transmitted diseases (STDs); Abortion services (where legal) and care afterwards; prevention and treatment of infertility; elimination of violence against women (coercive sex, rape), sexual trafficking, and female circumcision…
8
CASE STUDIES:

I- CASE OF MANY DEVELOPED NATIONS:
· In less-developed countries, the economic benefits of children are extremely important – they contribute to the family economy (they are a “work force” )

· In the developed world, large numbers of children are an economic drain. This has led to many “western countries” to have a population “age structure” that is dominated by the “postreproductive category (age >44) (as opposed to the “prereproductive (ages 0-14) and reproductive (ages 15-44). This will leave the country with a rapid population decline because the younger generation is not numerous enough to replace the retiring generation. Some of the problems with rapid population decline are as follow:
· Can threaten economic growth

· Labor shortage

· Less government revenues with fewer workers

· Less entrepreneurship and new business formation

· Less likelihood for new technology development

· Increasing public deficits to fund higher pensions and health-care costs

· Pensions may be cut and retirement age increase

Case of Japan --- Japan has the world’s highest percentage of elderly people and the world’s lowest percentage of young people. As its population declines, there will be fewer adults working and paying taxes to support an increasing elderly population Because Japan discourages immigration, it may face a bleak economic future.
Cases of many European nations, USA and Canada --- develop incentives for couples to have more children (tax breaks; longer maternity/paternity leaves…)  or they augment the number of immigrants entering the country.

· Canada – accepts 300,000 immigrants/yr equal to 1% of the population;

· USA --currently, legal and illegal immigration account for about 36% of the country’s annual population growth – (in 2011 about 900,000 immigrants account for the population growth in the USA for that year alone i.e. 1/3 of the population growth)
II- CHINA --- A POLITICAL APPROACH
· Many Asian countries such as China, India, Thailand, Indonesia… --- favor one child family; have various incentives of having few children; promote sterilization; large-scale promotion of using contraceptives

* In China -- Forced family planning programs -- where the number of children is limited (one-child policy)—and legal ages for marriages were raised to the “mid-twenties”; incentives for those couples with only one child: -- free medical care, cash bonuses, special housing treatment, extra old-age benefits…) – those who broke their pledge were penalized by the loss of these benefits as well as other economic penalties.

China, Male Children, and the Bride Shortage: In China, there is a strong preference for male children, because unlike sons, daughters are likely to marry and leave their parents, and tradition dictates that the families of brides are obligated to provide expensive dowries. Some pregnant Chinese women use ultrasound to determine the gender of their fetuses and get an abortion if the child is female. This has led to problems. Some thieves steal baby boys and sell them to families that want a boy. Also, the government estimates that by 2030, approximately 30 million Chinese men will not be able to find wives. Because of this rapidly growing “bride shortage”, young girls in some parts of rural China are being kidnapped and sold as brides for single men in other parts of the country. 
(Reference: Tyler Miller G. and S.E. Spoolman. 2013. Environmental Science. 14th ed. Brooks/Cole. P.100)
9.
ULTIMATE SIZE LIMITATION --- ISSUES:
· The human population is subject to the same biological constraints as other species of organisms.

· Available Raw Materials

· Available Energy

· Waste Disposal

· Interaction with Other Organisms

· Social Factors Influence Human Population

· Human population growth is rapidly increasing and is influenced by religious, social, and political attitudes.

· Many people think that the right to have children is a fundamental personal freedom. Others believe that the collective rights of present and future generations to a clean, healthy environment and adequate food, shelter, and clothing supersede individual rights.

· No one knows what the ultimate human population size will be or what the most potent limiting factors will be (food shortage, water shortage, increased waste heat, polluted environment; or social controls such as economic incentives, birth control, and wars…). But most agree that we are approaching the maximum sustainable human population.
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